Calcific deposits, localized in a thin layer of thrombus covering the cuspal surfaces, were present 3 days after implantation in a valved pulmonic conduit that contained an Ionescu-Shiley bovine pericardial valve and was placed in a 29-year-old man with double outlet right ventricle, valvular and infundibular pulmonic stenosis, and ventricular septal defect. Factors that may have contributed to such a rapid calcification were the relatively young age of the patient, the development of acute renal insufficiency postoperatively, and the administration of large amounts of calcium chloride intravenously during blood transfusions and during episodes of cardiac arrest.
CALCIFICATION of bioprosthetic cardiac valves can lead to prosthetic stenosis, regurgitation or both.1 10 Calcific deposits usually produce valvular dysfunction only after the bioprostheses have been in place for several years.1 In some patients, however, calcific deposits have developed within a few months after implantation.1-6, 10 In one exceptional patient,4 a porcine bioprosthetic valve had to be removed because of calcification only 19 days after implantation. In this communication we describe anatomic findings in a pericardial bioprosthesis that developed calcific deposits within 3 days of implantation. Such rapid calcification of a valvular bioprosthesis has not been described previously. Case Report S. H. (CC. # 12-81-67-7), a 29-year old man, had double outlet right ventricle, valvular and infundibular pulmonic stenosis, ventricular septal defect and patent foramen ovale. At 4 years of age, he had had a left-sided Blalock-Taussig subclavian-pulmonary arterial anastomosis. At age 27 years (1978) , this shunt was occluded. The blood hematocrit was 78%; studies of renal function and blood coagulation gave normal results, and the serum uric acid and bilirubin were slightly elevated. The peak systolic pressure gradient between the body of the right ventricle and the pulmonary trunk was 95 mm Hg. The systemic arterial oxygen saturation was 88%. A right-sided Blalock-Taussig subclavian-pulmonary arterial shunt was performed in October 1978. In November 1979, because he did not improve despite a functioning shun+, he underwent closure of the ventricular septal defect and patent foramen ovale, and insertion of a valved conduit containing a size 22 Ionescu-Shiley bovine pericardial valve between the right ventricle and the pulmonary trunk. After operation, the patient was reexplored because of extensive bleeding. He had multiple areas of oozing, without a large source of bleeding and without a specific coagulation defect. He then developed a low cardiac output state, with a marked decrease in renal function and blood urea nitrogen and creatinine values of 54 and 5.2 mg/dl, respectively. Serum calcium was 4.2 mg/dl. Peritoneal dialysis was instituted. Hemodynamic evaluation revealed persistent right ventricular hypertension (104/4 mm Hg) and a pressure gradient of 80 mm Hg at the distal anastomosis between the conduit and the pulmonary artery. On the third day after operation, a revision of the distal anastomosis of the conduit was performed, but the patient died several hours later.
During the entire postoperative period, the serum calcium was never elevated. Because of bleeding, the patient received 65 units of whole blood, 18 units of fresh-frozen plasma and 39 units of platelets. He also received a total of 20 g of calcium chloride during the 3-day postoperative period, in association with the transfusions and during resuscitative efforts.
At necropsy, the pericardial tissue leaflets in the valved conduit were covered with a very thin layer of thrombus that did not interfere with leaflet mobility. Histologic study of right and left ventricular myocardium disclosed focal areas of necrosis, infiltration by polymorphonuclear leukocytes, and calcific deposits within necrotic myocardial cells.
Materials and Methods
Histologic and scanning and transmission electron microscopic studies were made of the pericardial tissue leaflets of the bioprosthesis implanted in the pulmonic conduit. For purposes of comparison, similar studies were made of three unimplanted Ionescu-Shiley valves obtained through courtesy of Ionescu-Shiley Laboratories, Inc., Irvine, California.
For histologic study, the tissues were fixed with buffered formalin, embedded in glycolmethacrylate plastic medium, sectioned at a thickness of 1 g and stained using the hematoxylin-eosin, alkaline toluidine blue and von Kossa methods. For scanning electron microscopy, the tissues were fixed with phosphate-buffered glutaraldehyde, dehydrated, dried according to the critical point method, coated with gold-palladium, and examined with a JEOL-35C scanning electron microscope at an accelerating voltage of 20 kV.1' For transmission electron microscopy, tissues were fixed with phosphate-buffered glutaraldehyde and prepared as described previously.1
Results

Histologic Observations
On histologic study, the pericardial connective tissue in the leaflets of the implanted valve appeared structurally comparable to that in unimplanted pericardial bioprostheses (figs. 1A and 1B). However, both the inflow and outflow surfaces and the free edge (tip) of each leaflet were covered by a continuous layer of thrombotic material that was 20-180 ,u thick (figs. lB-iD). These surface thrombi were composed of fibrin, erythrocytes and platelets. The thrombi showed basophilic staining in preparations stained with hematoxylin-eosin ( fig. 1 D) and gave a strongly positive reaction with the von Kossa method ( fig. 1 C) . Pericardial mesothelial cells were not identified in any of the leaflets of the implanted valve or of the unimplanted valves. Small numbers of macrophages were present on the valvular surfaces. Giant cells were not found. A few strongly birefringent fibers that were about 15 ,u in diameter were found on the valvular surfaces (figs. 1 C-i E), where they had been incorporated into thrombi. These fibers were considered to be cotton fibers.
Scanning Electron Microscopic Observations
The outflow surfaces of the leaflets of unimplanted Ionescu-Shiley valves showed straight or curved grooves 10-20 ,u wide ( fig. 2A ). The inflow surfaces of the same leaflets appeared much rougher in texture than the outflow surfaces, but did not show grooves ( fig. 2B ). Both the inflow and outflow surfaces of the leaflets of the valve that had been implanted in the patient were covered with thrombi that were directly superimposed on the most superficial layers of valvular collagen (figs. 2C-2F). Some of the grooves in the outflow surfaces of the explanted valve contained platelets, fibrin strands and erythrocytes ( fig.  2E ), even in areas where the surface adjacent to the grooves was free of thrombus. In areas of calcification of surface thrombi ( fig. 2D ), the fibrin strands were covered by clumps of finely granular material.
Transmission Electron Microscopic Observations
Observations on ultrathin sections examined by transmission electron microscopy revealed that the calcific deposits consisted of irregularly shaped masses ( fig. 3A ), usually 0.25-2.2 , in diameter, composed of very fine needles or plate-like crystals of high electron density (fig. 3B ). These crystals averaged 70 A in thickness. These calcific masses were located between fibrin strands, which were not calcified. The calcific masses often appeared to be superimposed upon remnants of cells, which were identified as platelets, macrophages and leukocytes ( fig. 3C ). Most of these cells showed extensive degenerative and autolytic changes. The larger calcific masses were extremely dense, and structures associated with these masses were not discernible. A few calcific deposits were associated with the most superficial layers of valvular collagen ( fig. 3D ). Elastic fibers were not calcified, and there was no evidence of collagen degeneration. Deposits of fibrin were interspersed with the most superficial layers of collagen.
Discussion
Ionescu-Shiley pericardial valves have been used for several years with good clinical results;12 however, anatomic studies have been made of limited numbers of valves of this type which have been removed after being implanted in patients,'2 and little information is available on the occurrence of calcific deposits in these valves, Calcific deposits are known to develop in other types of bioprostheses,' but the time of onset and the rate of deposition of calcium in bioprostheses are not known.
The host factors and tissue factors that cause calcification of bioprostheses are poorly understood. It is not known to-what extent conclusions derived from studies of porcine bioprostheses will be applicable to pericardial bioprostheses. Porcine bioprostheses calcify more frequently and to a greater extent in patients who have one or more of the following predisposing conditions: younger than 35 years of age," 3, 4, 7-10, 13-16 chronic renal disease,"s 2, "I and infection of the bioprosthesis.1 17, 18 Morphologic studies of Ionescu-Shiley valves have been too limited to determine the importance of these factors in predisposing to calcification of this type of bioprosthesis. Our patient was young and did have acute renal insufficiency, but had no evidence of infection in the bioprosthesis.
Ultrastructural studies have demonstrated that the two main anatomic sites of calcification of porcine valvular bioprostheses are collagen fibrils in the leaflets and surface thrombi and vegetations.' Evidence has been presented indicating that the initial deposits of calcium phosphate in thrombi and vegetations are localized in mitochondria of blood cells and platelets trapped in the fibrin mesh.' In the present study, calcific deposits were demonstrated in collagen and in surface thrombi, but almost all of the deposits were localized in thrombotic material. These deposits were structurally similar to those observed in porcine bioprostheses.' Studies in experimental animals have shown that a thin layer of fibrin is deposited on the leaflets of porcine bioprostheses within a few minutes after implantation.'" In humans, such a layer of fibrin was observed in two Hancock bioprostheses that had been in place for only 2 and 3 days, respectively, but neither contained calcific deposits." Thus, the changes we report apparently represent a very unusual phenomenon of early calcification of this surface layer. These calcific deposits probably would have become the cause of clinically significant bioprosthetic stenosis if our patient had survived longer. Several factors may have contributed to the early calcification of the bioprosthesis in our patient: the low cardiac output syndrome, which led to renal insufficiency requiring peritoneal dialysis, and the large amounts of calcium chloride given intravenously because of the multiple blood transfusions and at times of resuscitative efforts. Another factor is the presence of proteins in the blood, which function in the coagulation process and which contain 'y-carboxyglutamic acid, an unusual amino acid capable of avidly binding calcium.20' 21 This amino acid has been extracted from calcified (but not from noncalcified) porcine bioprostheses.20 Its association with calcification of pericardial bioprostheses has not been investigated.
Uptake of calcium by mitochondria of hypoxic or ischemic cells is known to occur not only in myocardium but also in other tissues,22 and the availability of large amounts of calcium to blood cells incorporated into thrombi may have resulted in significant accumulation of calcium in these cells (thus initiating bioprosthetic calcification) under conditions of hypoxia associated with the low cardiac output state in our patient. The finding of calcific deposits in necrotic myocardial cells as in our patient is not unusual; it is frequently observed in patients who have the low cardiac output syndrome postoperatively.23
The cotton fibers on the surfaces of the cusps of the bioprosthesis may have been derived from the packing material in the valve container. Such fibers were not found in pulmonary or myocardial vessels. A fatal coronary embolus was produced by fragments of packing material in a porcine bioprosthesis. 24 The morphologic observations on the unimplanted Ionescu-Shiley valves reveal marked asymmetry in the texture of the inflow and outflow surfaces of the pericardial tissue leaflets. The inflow surface is very rough and corresponds to the pericardial surface that faces the sternum. In contrast, the outflow surface is much smoother; it contains grooves that appear to have been made by a mechanical process and corresponds to the pericardial surface that faces the heart. These differences, which were consistently observed in the three unimplanted valves examined, provide a basis for the identification of the surfaces of Ionescu-Shiley valves; however, in animal experiments (unpublished observations) we found that the grooves tend to be obscured (as was the case in the valve from our patient) by the deposition of fibrin on the surfaces after the valves are implanted.
